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Experimental superinfection of a Lesser Malayan mousedeer
(Tragulus javanicus) persistently infected with bovine viral
diarrhea virus
Abstract
A Lesser Malayan mousedeer (Tragulus javanicus), persistently infected with noncytopathogenic bovine
viral diarrhea virus (BVDV) type 1f, was experimentally superinfected with a cytopathogenic isolate of
BVDV type 1c, which antigenically partially matched the endogenous strain. Within the observational
period of 125 days after superinfection, the animal did not demonstrate any clinical signs of the disease
and/or significant changes in blood values. Neutralizing antibodies were detected at 35 and 42 days
postinfection. The isolate causing the superinfection was found in feces, nasal swabs, and saliva starting
from day 29 and at various times postchallenge. Macroscopic or histologic examination did not reveal
mucosal disease-like lesions, despite the detection of the cytopathogenic isolate in the salivary gland,
rumen, abomasum, kidney, and superficial prescapular lymph node. Results indicate that the
cytopathogenic BVDV strain, which was used in the superinfection, persisted in the viremic animal
without causing disease within the observation period.
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EXPERIMENTAL SUPERINFECTION OF A LESSER MALAYAN
MOUSEDEER (TRAGULUS JAVANICUS) PERSISTENTLY INFECTED
WITH BOVINE VIRAL DIARRHEA VIRUS
Antje Semrau, D.V.M., Gudrun Wibbelt, Dr.med.vet., Monika Hilbe, Dr.med.vet., Dipl. E.C.V.P.,
Dietmar Lieckfeldt, B.Sc., Robert Hermes, Dr.med.vet., Kerstin E. Mu¨ller, Prof. Dr.med.vet.,
Hans P. Heckert, Dr.med.vet., Mark J. Hoyer, D.V.M., and Kai Fro¨lich, PD Dr.med.vet.
Abstract: A Lesser Malayan mousedeer (Tragulus javanicus), persistently infected with noncytopathogenic bovine
viral diarrhea virus (BVDV) type 1f, was experimentally superinfected with a cytopathogenic isolate of BVDV type
1c, which antigenically partially matched the endogenous strain. Within the observational period of 125 days after
superinfection, the animal did not demonstrate any clinical signs of the disease and/or significant changes in blood
values. Neutralizing antibodies were detected at 35 and 42 days postinfection. The isolate causing the superinfection
was found in feces, nasal swabs, and saliva starting from day 29 and at various times postchallenge. Macroscopic or
histologic examination did not reveal mucosal disease-like lesions, despite the detection of the cytopathogenic isolate
in the salivary gland, rumen, abomasum, kidney, and superficial prescapular lymph node. Results indicate that the
cytopathogenic BVDV strain, which was used in the superinfection, persisted in the viremic animal without causing
disease within the observation period.
Key words: Bovine viral diarrhea virus, experimental infection, mucosal disease, pestivirus, persistent infection,
Tragulus javanicus.
BRIEF COMMUNICATION
Cattle persistently infected (PI) with noncyto-
pathogenic (ncp) bovine viral diarrhea virus
(BVDV) may succumb to fatal mucosal disease
(MD) when superinfected with a cytopathogenic
(cp) strain of BVDV. Mucosal disease can occur at
all ages, but it usually affects calves and young
cattle from 6 to 24 mo of age. Two patterns of
disease development can be observed. One pattern
observed is that cattle become moribund within
2–3 wk after superinfection, developing an early-
onset MD. In the second pattern, animals recover
after a transient phase of mild disease, but they may
develop a late-onset MD after a time period varying
from 4 wk to several years.4 Both patterns of MD
terminate in severe diarrhea; erosions of the mu-
cocutaneous membranes; anorexia; depression; and
ocular and nasal discharge, followed by generalized
deterioration of the affected animal. Erosive and ul-
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cerative lesions in the alimentary tract and deple-
tion of lymphoid tissues are regarded as being char-
acteristic for MD. Experimental induction of MD
in cattle and characterization of the BVDV in-
volved revealed that in cases of early-onset MD,
the isolated cp BVDV is antigenically homologous
to the cp BVDV involved in the superinfection. In
contrast, the cp BVDV recovered from cases of
late-onset MD is the result of genetic recombina-
tions between the persistent ncp and an antigeni-
cally heterologous cp isolate causing the superin-
fection.6 Furthermore, the development of sponta-
neous MD has been described with the cp virus
deriving de novo from mutation of the persistent
strain.4 Apart from cattle, a MD-like syndrome has
been reported11 and experimentally reproduced in
sheep.2
Worldwide evidence for BVDV infections of
free-ranging and captive wild ruminants includes
multiple serologic surveys and several virus isola-
tions. Outbreaks of disease with similarities to MD
have been described in different ruminant species,16
but they all lack diagnostic confirmation. It is un-
clear whether PI wild ruminants develop MD. The
objective of the present study was to determine
whether a PI, 4-yr-old, male Lesser Malayan
mousedeer (Tragulus javanicus) would develop
clinical signs of MD, as seen in cattle, following
superinfection with a cp strain of BVDV. The ex-
perimental animal was born in 2000 in a collection
of 11 individuals at the ARTIS Zoo in Amsterdam.
In 2002, several of these clinically healthy mouse-
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deer were found to be PI with BVDV. All BVDV-
positive animals were born to the same dam or to
her offspring.15 Sequence and phylogenetic analysis
revealed that the pestivirus isolated from all infect-
ed mousedeer was closely related to BVDV type
1f.9 Apart from a single PI free-ranging eland (Tau-
rotragus oryx),17 this was the first detection of ver-
tical transmission and persistent infection in a non-
domestic species.
The experimental schedule included daily obser-
vation of the animal and weekly inhalation anes-
thesia with isoflurane (Isobar, Essex Tierarznei,
Munich, Germany) in oxygen during a total time
period of 210 days to facilitate clinical examination
and collection of blood, nasal swabs, saliva, feces,
and ejaculate. On day 85 after the start of the study,
the PI animal was inoculated intranasally with 105.75
TCID (tissue culture infection dose)50/ml of the cp
BVDV strain SH9/11. SH9/11 was formerly isolat-
ed from a roe deer7 and classified as BVDV type
1c.10 This BVDV type 1c strain partially matched
the endogenous strain antigenically. Although re-
stricted homology could hinder an early develop-
ment of MD, this virus strain was chosen since
there was no other more homologous cp isolate
available for experimental superinfection.
Blood samples were collected in ethylenediami-
netetraacetic acid– and sodium-citrate–containing
tubes. From whole blood samples, total white blood
cells (WBC) were determined by an electronic cell
counter (CellDyn 3500, Abbott GmbH & Co. KG,
65011 Wiesbaden, Germany). Leukocyte differen-
tial counts were performed manually using May–
Gru¨nwald–Giemsa–stained blood smears. The
packed cell volume was determined using a mini-
centrifuge (Compur M1101, Bayer AG, D-51368
Leverkusen, Germany). Blood that was collected in
sodium-citrate tubes was centrifuged and plasma
was frozen at 20C. From the remaining cell frac-
tion, buffy coat cells were isolated by density gra-
dient centrifugation (Biocoll, 1.077 g/ml, Bio-
chrom, 10098 Berlin, Germany) and stored at
80C. Plasma was heat-inactivated at 56C for 30
min and subsequently tested by virus neutralization
test (VNT). Briefly, all tests were performed in 96-
well microtiter plates (Nunclon Microwell plate,
Nunc GmbH, D-65201 Wiesbaden, Germany) with
Madin–Darby bovine kidney cells (3  105 cells/
ml) and Dulbecco’s modified Eagle medium
(DMEM, Life Technologies, 10098 Berlin, Ger-
many). The cp BVDV strain SH9/11 (103 TCID50/
ml) as well as BVDV isolates NADL and Grub
313/83 were used for the detection of specific an-
tibodies.
Samples of nasal fluid and saliva were immersed
in DMEM and filtered, and filtrates were inoculated
on BVDV-free bovine fetal lung cells. Cells were
passed three times at 4-day intervals. Supernatant
of cell cultures as well as buffy coat cells, feces,
and ejaculate were tested for viral genome by re-
verse transcription (RT) followed by polymerase
chain reaction (PCR). Total RNA was isolated by
use of the RNeasy Mini Kit (Qiagen, 40724 Hil-
den, Germany). RT-PCR was performed as de-
scribed by Fro¨lich et al.8 by applying a pan-pesti-
virus primer pair BVD3 (forward)/PEST2 (re-
verse)5 and two newly designed strain-specific for-
ward primers: PvMd-V and SH9/11-V (BIOTEZ
GmbH, D-13125 Berlin-Buch, Germany). SH9/11-
V (5-GGTTCGACACCTCGGAAATA-3) was
designed based on a 241–base pair (bp) sequence
published,5 PvMd-V (5-GTAAAAGCGGGTAAA
CTACCC-3), based on a 247-bp fragment obtained
from the GenBank database (Pestivirus strain mou-
sedeer, Accession No. AY158154). All primers tar-
geted the 5 untranslated region. After electropho-
resis in 2% agarose gel, PCR fragments were iden-
tified by comparison with a molecular weight lad-
der (New England Biolabs, Ipswich, Massachusetts
01938-2723, USA), purified (QIAquick PCR pu-
rification kit, Qiagen, 40724 Hilden, Germany), and
results were confirmed by sequence analysis. Com-
parative alignments were performed using Clustal X
(freeware: http://www-igbmc.u-strasbg.fr/BioInfo/).
On day 125 postsuperinfection, the experiment
was terminated. The animal was euthanized and a
postmortem examination was performed. Histolog-
ic examination was carried out on all major organs
of the digestive, respiratory, and urogenital tracts.
The lympho-hematopoetic, endocrine, and central
nervous system as well as the heart, liver, spleen,
skin, and eye were also sampled. Samples of tissues
were used for virus isolation and subsequent RT-
PCR as described above, as well as for immuno-
histochemical analysis. Immunohistochemistry
(IHC) was conducted on snap-frozen as well as for-
malin-fixed, paraffin-embedded tissues. Cryostat
sections were incubated with monoclonal antibod-
ies (mAbs) Ca3/34-C42 and C16 (both diluted
1:100; Dr. Bommeli AG, Bern-Liebefeld, Switzer-
land); paraffin slides were incubated with mAb C42
(diluted 1:400; Prof. Moennig, Institute of Virolo-
gy, Veterinary School, Hanover, Germany) and
15c5 (diluted 1:10,000; Dubovi, New York State
College of Veterinary Medicine, Cornell Universi-
ty, Ithaca, New York 14850, USA).13 Specific bind-
ing of mAb was detected using a peroxidase-la-
beled polymer test kit (EnVision-Kit, Dako A/S,
Glostrup DK-2600, Denmark) and AEC (3-amino-
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9-ethylcarbazole; Zymed Laboratories, Inc., San
Francisco, California 94080, USA) as chromogen.
After 125 days postsuperinfection, MD-like clin-
ical symptoms or significant changes in the num-
bers of total WBC, leukocyte differential counts,
and packed cell volume were not observed. How-
ever, there was continuous shedding of the persis-
tent ncp BVDV in bodily secretions and excretions.
Following superinfection, the cp BVDV strain was
detected in isolated leukocytes on day 29; in the
animal’s feces on days 29 and 35; in its nasal fluid
on day 84; and in its saliva on days 70, 105, 112,
and 125. Whereas all plasma samples taken before
challenge reacted negatively in the VNT, neutral-
izing antibodies against the inoculated BVDV
strain SH9/11 were detected on days 35 and 42 fol-
lowing superinfection with titers ranging between
1:9 and 1:16. Virus neutralization tests of plasma
samples using the BVDV strains NADL and Grub
313/83 were negative throughout the study. Ejacu-
lates, collected on days 7 and 125 following super-
infection, were found to be positive for the ncp
BVDV. During the postmortem examination, mac-
roscopic or histologic MD-like lesions were not
noted. Using the IHC BVDV, antigen was detected
in the kidney, upper and lower alimentary tract,
brain, lymphoid tissues (retropharyngeal lymph
node, tonsil, and spleen), and skin, in decreasing
order of stain intensity. All organs and tissues test-
ed by RT-PCR contained the ncp BVDV strain,
whereas the cp strain used in the superinfection was
found only in the salivary gland, rumen, aboma-
sum, kidney, and superficial prescapular lymph
node.
In summary, following superinfection with the
antigenically, partially matching BVDV strain SH9/
11, the PI Lesser Malayan mousedeer did not de-
velop clinical signs or pathologic lesions consistent
with MD. Low levels of specific antibodies were
detected only when using the superinfection BVDV
strain in the VNT. However, within the experimen-
tal period, the animal was not able to completely
eliminate the cp strain used in the superinfection,
as shown by virus isolation and subsequent RT-
PCR from various samples.
If lack of antigenic homology between the su-
perinfecting cp strain and the persistent ncp mouse-
deer pestivirus was responsible for the absence of
clinical and pathologic signs characteristic of an
onset of MD within the observational period, the
possibility of a late-onset or chronic form of MD,
as demonstrated for cattle, still cannot be excluded.
It should also be noted that antigenically heterolo-
gous BVDV strains are considered to be the cause
of late-onset and chronic forms of MD.6
In cattle, MD can occur at all ages, but it usually
affects animals between 6 and 24 mo of age. If a
similar juvenile age was to be expected for the
mousedeer, the experimental animal would have
been rather old. It can not be excluded that, in ad-
dition to antigenic differences between the persis-
tent and the strain used in the superinfection, the
age of the study animal could have hindered the
development of MD within the observational peri-
od. None of the PI ancestors, nor the 4-yr-old ex-
perimental animal or its siblings, revealed any signs
indicating an existing BVDV infection15 until per-
sistent viremia was detected incidentally in one of
the animals during import quarantine.9 All of these
observations may indicate a different course of
BVDV infection in the Lesser Malayan mousedeer
compared to other ruminant species. This difference
could be due to a potentially dissimilar cellular dis-
position of the mousedeer toward the infectious
agent.
Considering the taxonomy of even-toed ungu-
lates such as cattle and sheep, MD-like symptoms
have been reported within the infraorder Pecora of
the suborder ruminantia. The Lesser Malayan
mousedeer belongs to the ancient infraorder Tra-
gulinae.12 Its single family Tragulidae is said to be
the most primitive1 and phylogenetically earliest di-
verged taxon of ruminants,3 which could be a rea-
son for a dissimilar cellular disposition of this spe-
cies toward BVDV, facilitating persistent infection
and, hence, a carrier state. It is possible that this
may explain a serologic response but no BVDV-
associated disease nor the development of MD. The
likelihood of a species-dependent reaction regard-
ing MD development is stressed by comparing
BVDV infection in sheep. Sheep, which are genet-
ically closely related to cattle, develop MD of much
lesser degree, as expressed by the description of
only MD-like symptoms.
Although the question about the occurrence of
MD in wild ruminants remains unresolved, the re-
sults presented here illustrate that more attention
should be directed to BVDV infections in captive
wild ungulates.14 The Lesser Malayan mousedeer
can shed both viral biotypes in body secretions and
excretions, and the epidemiologic environment of a
zoologic garden will allow direct or indirect trans-
mission to other susceptible species, some of which
could possibly develop overt disease. A policy of
quarantine and testing to prevent the introduction
of PI animals is recommended.
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